Studies of the acetate stimulation of lactobacilli have led to the discovery of two acetatereplacing factors now known as lipoic and mevalonic acids (Guirard et al., 1946; Skeggs et al., 1956 ). These two acetate-replacing factors have been shown to be active for many microorganisms. However, there still remain some lactic acid bacteria which require acetate for early growth and for which lipoic and mevalonic acids are inactive. Lactobacillus delbrueckii is one organism whose acetate stimulation is not duplicated by lipoic acid (Peters and Snell, 1954) or, as is reported here, by mevalonic acid.
Little work has been done on the acetate enhancement of L. delbrueckii, no doubt, because of the difficulty in obtaining minimal growth, or lack of growth in the "blanks" or tubes without added acetate. When there is much growth in the blanks, the working range of the acetate doseresponse curve is reduced and thus makes difficult a quantitative study of its stimulation. Occasionally, growth will not appear in acetate-free tubes;
however, the addition of minimal amounts of acetate gives complete growth.
In an effort to reduce the growth of L. delbrueckii in tubes devoid of acetate, a rather extensive studv of the media usually used with this organism was undertaken. Some of the results, presented here, show that there appears to be still another way in which acetate enhances early growth of lactobacilli which does not involve the production or Henderson and Snell, 1948; MaciasR, 1957 Although Peters and Snell (1954) tubes where ascorbic acid or iron was increased above the concentration of the basal medium, the acetate need was slightly increased. These results suggested that perhaps the omission of both iron and ascorbic acid from the medium would allow unrestricted growth in the absence of acetate. Table 2 shows the comparative growth results obtained when either iron or ascorbic acid or both were removed from the medium. Removal of both iron and ascorbic acid did not allow more rapid growth in acetate-free tubes than omission of either component. It is seen, however, that the presence of both iron and ascorbic acid was necessary to repress growth completely in the absence of acetate. The identity of the effective acetate inhibitor of L. delbrueckii which was produced by a combination of iron and ascorbic acid was not immediately apparent. It was found by substitution experiments that other reducing compounds could replace ascorbic acid in this system but no other metal such as Ni, Co, Cu, Mo, or Zn could bring about the same effect as iron. It was important also to establish whether under these same conditions the need for acetate was absolute; that is, whether ascorbic acid and iron induced an irreversible acetate requirement. The data are not shown but it was found that the inhibition was usually partially reversed by 24 hr incubation and completely by 40 hr. However, the time it takes for growth to develop under these conditions without acetate is quite variable, sometimes extending to 48 hr.
The experiments, the results of which are shown in table 2, were repeated but without citrate in the medium. Also other buffers were It was expected that the ascorbic acid of the medium would maintain most of the iron in the ferrous state. However, this reducing activity of ascorbic acid was also thought to be independent of the citrate. The latter supposition was not sustained by the next series of experiments.
In order to follow the changes in the valence of iron that are brought about during the usual autoclaving treatment, 2,2'-bipyridine (300 ,ug per tube) was added to the medium. The results (table 3) show that the ascorbic acid did reduce practically all of the iron and that in tubes without ascorbic acid, the autoclaving procedure converted nearly all the iron of the medium to the ferric state. The role attributed to the citrate is that of facilitating complete conversion of the iron to the ferrous form when ascorbic acid is present and to the ferric state when ascorbic acid is absent. In the absence of citrate, ascorbic acid can not achieve complete reduction of the iron which appears to be necessary for inhibition.
These findings, therefore, indicate that the effective agent which induces the acetate need is the ferrous ion.
Long before the finding that the ferrous ion inhibited acetate production or its activity, the testing of several natural tissues had indicated the existence of another acetate-replacing factor. However, a routine screening of compounds known to be growth factors showed that a sample of nucleic acid was quite active. The next step was to examine both pyrimidine and purine derivatives. It was found that any of several purine or pyrimidine nucleosides and nucleotides stimulated early growth of L. delbrueckii as if they were replacing acetate in its activity. Uridine and adenosine were the most stimulatory, each being approximately 30 times more active than sodium acetate. Addition of increasing amounts of either uracil, guanine, adenine, or xanthine to the complete medium did not produce any stimulation comparable to that of uridine or adenosine. It should be noted that Ikawa and O'Barr (1956) had previously demonstrated that nucleosides and nucleotides reduced the time required for heavy growth of L. delbrueckii to develop from very small inocula although their medium contained sodium acetate (5 mg per tube). The stimulation of acetate and nucleosides is of course additive.
In an attempt to establish the nature of the acetate-replacing ability of purine and pyrimidine ribosides, several experiments whose results are shown in table 4 were performed. The basal medium was prepared without purines and ura- (Peters and Snell, 1954) . In a medium deficient in uracil, but with guanine and adenine, uridine was active but adenosine and acetate were inactive. In a medium devoid of purines, adenosine promoted growth whereas neither uridine nor acetate stimulated growth. Thus, it can be seen that the requirement for a purine and uracil is not affected by the additional need of a nucleoside, nor are the free purines and uracil interfering with the production of nucleosides. Furthermore, the activity of acetate is limited to that of replacing the nucleoside stimulation but not the purine or pyrimidine need. From this evidence, one might suspect that growth of the organism is delayed because of interference with either the production of acetate or the synthesis of the nucleosides, or a combination of the two.
The specificity of acetate in reversing ferrous ion inhibition of L. delbrueckii was also considered. In table 5 it can be seen that pyruvate 
DISCUSSION
In previous studies of acetate stimulation of lactobacilli, the production of the acetate-replacing factor appears to have been the growth limiting reaction. In the present investigation, the agent responsible for inducing the growth lag of L. delbrueckii has been shown to be the ferrous ion. However, it is not possible to conclude from the evidence presented that because nucleosides are stimulatory that their production or activity is antagonized by the ferrous ion. Nor can it be said that because acetate is also stimulatory under these conditions that nucleosides are acetate-replacing factors.
The interpretation that nucleosides replace acetate in this case would imply that the former or some active form of it are directly concerined with the elaboration of the latter. The ferrous ion could then be considered to be antagonizing the production of acetate by way of inhibiting the enzyme concerned in the synthesis of nucleosides (Kalckar, 1952 The experiments with bipyridine were performed not onlv to follow the valence changes of iron but to attempt to establish an absolute need for iron under the acetate assay conditions. It was felt that by establishing a relationship between the need for acetate and iron that a clue to the mechanism of acetate stimulation could be discerned. The fact that even large amounts of added bipyridine failed to inhibit growth in ironfree media indicates that the need of L. delbrueckii for iron is very small or that the ferrousbipyridine complex will yield its iron to the organism. However, the iron requirement can not be assumed to exist under these conditions. It is seen in table 2 that maximal growth of the organism was obtained with either added iron or ascorbic acid alone.
The ferrous ion may be inhibiting one or several enzymatic steps. Had nucleosides not been found to reverse ferrous ion antagonism, the enzyme most likely to be selected as being affected would be succinic dehydrogenase. This selection would have been justified since fumarate and malate are more active than acetate, but not succinate, in enhancing growth of L. delbrueckii. It is also known that succinic dehydrogenase is inhibited in vitro by the ferrous ion (Singer et al., 1957) .
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SUMMARY
A study of the acetate stimulation of Lactobacillus delbrueckii has been conducted. It was found that the ferrous ion produced principally by the activity of ascorbic acid in the medium was responsible for inducing an acetate requirement during the first 24 hr of incubation. To insuire complete reduction of the iron by ascorbic acid during the autoclaving of the medium, thepresence of a mono-or dicarboxylic acid wafsl necessary. The requirement of L. delbrueckii for acetate under the conditions of the assay can be replaced by any of several purine or pyrimidine nucleosides or nucleotides. The stimulation of these latter compounds indicates that their activity or production is antagonized by the ferrous ion.
